IMPORTANCE Shortening the time from surgery to the start of radiation (T S-RT )isa consideration for physicians and patients. Although the National Comprehensive Cancer Network recommends radiation to start within 6 weeks, a survival benefit with this metric remains controversial.
A djuvant radiation and chemoradiation therapy are well known to improve outcomes for certain groups of patients with head and neck cancer. [1] [2] [3] [4] [5] [6] [7] [8] The ideal time to start postoperative radiation therapy (PORT) has been an issue of debate and study for decades. 9 In the United States, the National Comprehensive Cancer Network (NCCN) recommends initiating radiotherapy within 6 weeks from surgery.
10
The time from surgery to radiation therapy (T S-RT ) has not been tested in a randomized fashion, and although many studies have shown improved oncologic outcomes with shorter T S-RT , 2,4,9,11-18 the issue remains controversial. [19] [20] [21] [22] [23] [24] We sought to determine whether a delayed T S-RT impacted survival using the National Cancer Database (NCDB) registry, how clinicopathologic risk factors were associated with the T S-RT effect, and if accelerated radiation was associated with improved mortality rates.
Methods

Data Source
The NCDB is a hospital-based registry and is a combined program of the Commission on Cancer of the American College of Surgeons and the American Cancer Society that captures over 70% of cancer cases in the United States. 25 Hospitals included in the registry are Commission on Cancer-accredited. This study was granted an exemption from the institutional review board of Stanford University owing to the deidentified, publically available nature of the data source.
Study Population and Covariates
We identified patients from the NCDB from 2004 to 2013 who had nonmetastatic stages III to IV head and neck squamous cell carcinoma treated with surgical resection and adjuvant radiation. Definitive surgical resection was required as indicated by codes 30 to 80 for the site-specific Surgical Procedure of the Primary Site variable, which represents the cumulative effect of all surgeries to the primary site. Cancer subsites included: tonsil, nontonsil oropharynx, oral cavity, larynx, and hypopharynx. The T S-RT was defined as the days between primary surgical resection and the first day of radiation therapy. To reflect real world practice patterns, patients were included if they received 45 to 76 Gy and had a T S-RT of 21 to 90 days. 6 Intensity modulated (IMRT) and 3-dimensional conformal (3DCRT) radiation techniques were included. Patient clinical and demographic variables included age, sex, race, and Charlson/Deyo comorbidity index. 26 Median household income and percent of adults without a high school education by zip code of residence were classified by quartile of the US population. Primary health insurance coverage was grouped as Medicaid, Medicare, none, other (private care/ managed care/governmental insurance), or unknown. The NCCN collectively defines high-risk factors as an oral cavity tumor, T3 to T4 or N2 to N3 disease, positive surgical margins, extracapsular extension (ECE), lymphovascular invasion (LVI), and perineural invasion. 10 Perineural invasion status is not collected by the NCDB, but all other high-risk factors were included for analysis. Lymphovascular invasion status was collected starting in 2010. Stage was according to the AJCC Cancer Staging Manual (6th and 7th Editions) depending on the year of diagnosis. Surgical center was defined as academic, Commission on Cancer designated Comprehensive Community Cancer Program (CCCP), community, or other. Radiation was delivered either at the same center as surgery or one different from the reporting facility, and this distinction was included in the treating facility classification. The distance from the patient's residence to the reporting hospital was categorized as distance traveled. The time from diagnosis to surgery (T D-S ) was categorized with a 68-day cutoff, and although there is no threshold for tumor growth prior to treatment, 27 this cutoff has previously correlated with outcomes with NCDB data. 28 To better characterize the delay prior to radiation treatment we included the length of hospital stay from surgery and 30-day unplanned readmission status. Chemotherapy status was categorized as none, adjuvant, neoadjuvant, neoadjuvant plus adjuvant, or unknown.
Statistical Analyses
The recommended 42-days or less T S-RT was compared with a 43-to 49-day T S-RT and a 50-days or more T S-RT to determine the relative importance of an additional week or more of delay. Differences between covariates were tested with χ 2 tests.
The primary endpoint was overall survival (OS) from the date of diagnosis and was estimated with the Kaplan-Meier method. Differences in OS were tested with log-rank tests, and confidence intervals (CI) in differences between median OS were established using resampling methods. A multivariate Cox regression was performed with T S-RT modeled as a continuous variable using a restricted cubic spline with 3 knots with a 42-day T S-RT as the reference. Hazard ratios (HR) for mortality were determined using Cox multivariable regression models. Adjustments in multivariable models were made for socioeconomic variables, comorbidity, risk factors, type of facility, distance traveled, T D-S , length of hospital stay after surgery, unplanned hospital readmission, chemotherapy, radiation dose, and use of IMRT. The proportional hazards assumption was tested using Schoenfeld residuals. Covariates representing higher risk for recurrence were tested for interaction with T S-RT , including site of disease, stage, ECE, margin status, LVI,
Key Points
Question Is there a survival benefit to a shorter time from surgery to the start of radiation (T S-RT ) for patients with head and neck squamous cell carcinoma?
Finding In this observational cohort study of 25 216 patients from the National Cancer Database, a T S-RT of 42 days or less was associated with improved survival compared with 50 days or longer; a delay of 1 week resulted in inferior outcomes for patients with tonsil tumors. Accelerated fractionation was associated with improved survival compared with standard fractionation.
Meaning Efforts should be made to prevent delays in T S-RT , and there may be a role for intensifying therapy when delays are unavoidable.
and receipt of chemotherapy. A complete case analysis was performed for patients with complete information on pathologic high-risk factors (disease site, stage, ECE, margin status, and LVI data). Fractionation data were available for a subset of patients and were categorized as standard (<5.2 fractions per week) or accelerated (≥5.2 fractions per week). The relative importance of altered fractionation was tested using univariate Kaplan-Meier estimates and a log-rank test. A multivariable Cox regression model tested the survival impact of accelerated fractionation and was adjusted for T S-RT as well as the same confounders used in the other multivariable models. An interaction term between T S-RT and fractionation schedule was tested.
Significance threshold was set at P<.05, and all tests were 2 sided. Effect size estimates with 95% CIs were preferentially reported over P values to express precision.
29 A clinically meaningful difference in median survival was set at 3 months from that of the T S-RT of 42-days or less group. This difference corresponded to an HR of 1.02 or more when survival times were fitted using a Weibull distribution. Analyses were performed with SAS statistical software (version 9.4; SAS Institute Inc) and R (version 3.3.3, R Foundation).
Results
From the 234 861 patients identified from the NCDB with nonmetastatic squamous cell carcinoma of the head and neck, 99 901 did not have stages III to IV disease, 81 116 did not receive definitive surgery, 23 995 did not receive adjuvant external beam radiation, and 4633 did not have a 21-to 90-day T S-RT , which resulted in a final cohort of 25 216 patients. There were 9318 patients (37%) who died by the end of this study. Of the 25 216 patients, 9765 (39%) had a T S-RT of 42 days or less, 4735 (19%) patients had a 43-to 49-day T S-RT , and 10 716 (42%) patients had a T S-RT of 50 days or more. Characteristics were compared between patients with a 42-days or less T S-RT vs a 43-to 49-day and a 50-days or longer T S-RT (Table 1) . To highlight a few significant differences, patients in the 42-days or less T S-RT cohort were more likely to have been white and from higher education and income areas, and these patients were more likely to have private/managed care/government insurance, fewer comorbidities, tonsil or nontonsil oropharynx cancers, stage III disease, residences closer to the reporting facility, a shorter postsurgery hospital stay, higher radiation doses, and adjuvant chemotherapy. Compared with those with a T S-RT of 42 days or less, more patients with a 43-to 49-day T S-RT or aT S-RT of 50 days or more had all treatment at an academic facility (difference, 2%; 95% CI, 1% to 4%; and difference, 1%; 95% CI, −1% to 2%, respectively) or surgery at an academic site with radiation delivered elsewhere (difference, 5%; 95% CI, 3% to 6%; and difference, 6%; 95% CI, 5% to 7%, respectively). In addition, delays longer than 42 days increased over the study time period. The median follow-up time for surviving patients was 49 months (range, 2-143 months). Of 9765 patients, 3026 (31%) withaT S-RT of 42 days or less, 1770 (37%) of 4735 patients with a 43-to 49-day T S-RT , and 4522 (42%) of 10 716 patients with a T S-RT of 50 days or more had died by the end of the study. There was a median OS of 10.5 years (95% CI, 10.0-11.1 years) for patients with a T S-RT of 42 days or less, 8.2 years (95% CI, 7.4-8.6 years; absolute difference,−2.4 years; 95% CI, −1.5 to −3.2 years) for patients with a 43-49-day T S-RT , and 6.5 years (95% CI, 6.1-6.8 years; absolute difference, −4.1 years; 95% CI, −3.4 to −4.7 years) for those with a T S-RT of 50 days or more (Figure 1) . Multivariable Cox regression for mortality was performed with T S-RT modeled as a continuous variable (Figure 1 ). Compared with a 42-day T S-RT , there was a statistically significant but not clinically meaningful association between worse OS and a longer T S-RT ; for example, at 49 days the HR was 1.02 (95% CI, 1.00-1.04). The HR became clinically meaningful when T S-RT reached 61 days (HR, 1.05; 95% CI, 1.02-1.09). Conversely, there was neither a statistically significant nor clinically meaningful association between OS and a shorter T S-RT ; for example, at 35 days the HR was 0.98 (95% CI, 0.96-1.00).
The T S-RT was then tested with a multivariable Cox regression model ( Table 2) . Compared with a T S-RT of 42 days or less, aT S-RT of 50 days or more resulted in inferior OS (HR, 1.07; 95% CI, 1.02-1.12). No clinically meaningful association was seen with a 43-to 49-day T S-RT (HR, 0.98; 95% CI, 0.93-1.04). Other covariates with both a statistically significant and clinically meaningful association with worse OS included a hospital stay longer than 7 days (HR, 1.24; 95% CI, 1.18-1.30), radiation doses higher or lower than 60 to 66 Gy, and not receiving chemotherapy (HR, 1.10; 95% CI, 1.05-1.15). Having private/ managed care/governmental insurance was associated with improved OS compared with Medicare insurance (HR, 0.73; 95% CI, 0.69-0.77). Compared with patients receiving all care at an academic center, patients who transferred care after surgery at an academic center had worse OS (HR, 1.11; 95% CI, 1.04-1.19), and patients receiving all care at a CCCP also had comparatively inferior outcomes (HR, 1.06; 95% CI, 1.01-1.12).
A complete case analysis for patients with complete LVI, margin, and ECE data was performed. This cohort consisted of 7859 patients, who were diagnosed after 2010 when LVI status became available. After adjusting for confounding covariates, estimates for the risk of mortality with a 43-to 49-day T S-RT (HR, 1.03; 95% CI, 0.91-1.16) and a T S-RT of 50 days or more (HR, 1.10; 95% CI, 0.99-1.21) were similar in direction and magnitude to those from the initial model (eTable 1 in the Supplement).
Subgroup effects of interactions between T S-RT and covariates coding for high-risk factors were tested with multivariable Cox regressions. There was a significant interaction between T S-RT group and site of disease, but not disease stage, LVI, margin status, ECE, or chemotherapy use. The multivariable regression model that included this interaction term demonstrated that, compared with a T S-RT of 42 days or less, havingaT S-RT of 50 days or more resulted in inferior OS for patients with hypopharynx (HR, 1.27; 95% CI, 1.02-1.59), tonsil (HR, 1.20; 95% CI, 1.05-1.36), and nontonsil oropharynx cancers (HR, 1.38; 95% CI, 1.19-1.59) (Figure 2) . A 43-to 49-day T S-RT was significantly associated with worse OS for patients with tonsil cancer (HR, 1.22; 95% CI, 1.05-1.43). The effect of delayed T S-RT was neither statistically significant nor clinically meaningful for patients with oral cavity or larynx cancers. (78) 3537 (75) 7846 ( (26) 1320 (28) 2959 (28) 1.8 (0.3 to 3.4) 1.6 (0.3 to 2.8)
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Unknown 6068 (62) 2749 (58) 6228 (58 (Figure 3) . In a multivariable Cox regression an interaction term between fractionation schedule and T S-RT group was not significant. After adjusting for confounders, accelerated fractionation remained associated with improved survival (HR, 0.93; 95% CI, 0.87-0.99) (eTable 2 in the Supplement).
Discussion
We found that for patients with head and neck squamous cell carcinoma treated with definitive surgical resection followed by adjuvant radiation, improved survival was associ- (56) 5679 ( ated with a shorter interval from the date of surgery to the start of radiation (shorter T S-RT ) .AT S-RT within 42 days resulted in improved survival compared with greater than 50 days on multivariable analysis. For patients with tonsil tumors, even a 1-week delay resulted in comparatively inferior survival, although for other patients this additional week was not a significant factor. Patients with head and neck cancer and high-risk pathologic features have well-established indications for adjuvant radiation or chemoradiation.
1-8 However, many are not receiving the recommended adjuvant therapy, resulting in increased mortality. 30 When adjuvant radiation is indicated, efforts should be made to start as quickly as reasonably possible. We found that radiation started within 42 days of surgery for 39% of patients, and compared with those with a longer delay, a greater proportion of these patients were treated at nonacademic centers. Other previously identified factors associated with delayed T S-RT include patient socioeconomic status, medical comorbidities, and a longer postsurgical hospital stay.
31
The 6-week cutoff originated from an analysis of patients treated at Memorial Sloan Kettering in the 1970s. Interestingly, a follow-up study with more patients found that the 6 week T S-RT cutoff predicted outcomes only for a subset of patients receiving doses under 60 Gy. 20 However, the importance of the 6-week cutoff for locoregional control was demonstrated in other retrospective studies, 11-13 as well as in a meta-analysis. 17 Other groups have studied the benefit using shorter cutoffs, 14,15 longer cutoffs, 16 and no specific cutoff when T S-RT is modeled as a continuous variable. 18 Studies of prospective trials have similarly demonstrated a benefit to starting radiation therapy within 4 or 6 weeks after surgery. 2,4 However, the issue remains controversial because there was not always a demonstrable benefit to a shorter T S-RT .
19-24
Prior to treatment initiation, head and neck cancers grow rapidly.
27 Models of oropharynx cancer have shown a decreased probability of local control with a longer delay for intact tumors. 32 Additional time between surgery and the start of radiation (longer T S-RT ) allows residual tumor clonogens to repopulate, increasing the risk of local failure.
33
Some models of clonogenic doubling time would suggest that there may be a time period of accelerated repopulation immediately after surgery owing to the response from cellular depopulation.
34 Accelerated repopulation during definitive radiation has been well established. 35, 36 In the postoperative setting, one could suggest that the decrease in the tumor mass results in a relative increased availability of nutrients for residual tumor cells, 33 arguing for as short a T S-RT as can be achieved reasonably. Patients in our study with a shorter T S-RT were less likely to receive treatment at an academic center than those with a more delayed T S-RT . However, in a multivariable Cox regression model adjusting for T S-RT , patients receiving surgery and radiation at an academic center had better outcomes compared with those who left the academic center for radiation elsewhere or had all treatment at a Comprehensive Community Cancer Program. Similar results were seen in a cancer registry study from the Netherlands, which found that initiation of treatment of head and neck cancer patients was longer for patients referred to 1 of 8 national head and neck oncology centers, but despite the delay these patients had better overall survival compared with those treated elsewhere. 37 In addition, after surgery at the University of California, San Francisco, postoperative radiation received at nonacademic centers was associated with inferior radiation quality metrics: lower dose, lower fractional dose, longer T S-RT , increased radiation breaks, and higher rates of early termination of the radiation course.
38
For a cohort of patients with oral cavity cancer, radiation treatment at the academic site translated into a survival benefit.
39
Although the national pattern identified in our study and another registry study is that treatment at academic centers is associated with longer delays to starting radiation, 31 it is reassuring that shorter T S-RT at academic sites can be achieved. In addition, when controlling for T S-RT , we found that there was improved survival with treatment at academic sites, suggesting a benefit to specialized care for head and neck cancer patients. Together T S-RT and the duration of radiation therapy are defined as the overall package time. Retrospective studies have demonstrated the total package should be delivered within 87 to 100 days, [40] [41] [42] and analysis from a prospective trial found better outcomes for those with package times under 77 to 91 days. Often, the duration of T S-RT is out of the hands of the radiation oncologist and medical team. From a radiation perspective, options to improve tumor control after a delayed T S-RT include escalated total radiation dose or accelerated fractionation schedules.
43
In the definitive setting, accelerated fractionation has been associated with improved progression-free survival in a meta-analysis of randomized trials, 44 and overall survival in an NCDB study. 45 In the postoperative setting, improved outcomes can also be attained with accelerated fractionation. 24 With regard to the interaction of T S-RT with altered fractionation, studies have noted a decrease in the negative effect from delayed T S-RT with dose intensification or altered fractionation. 6, 18 Similarly, a randomized trial of fractionation schedules in PORT found a trend for improved local control with accelerated fractionation for those patients with a T S-RT of more than 48 days. 46 Additional detrimental delays during radiation therapy are introduced with any breaks 18, 47, 48 or a split-course fractionation schedule. 49, 50 We found that there was improved survival when accelerated fractionation was used. Thus, this study supports considering accelerated fractionation for patients at high risk for locoregional failure, and supportive measures during treatment should be employed to prevent breaks. We found a significant interaction between T S-RT and tumor site, but not stage, ECE, margin status, or presence of LVI. Patients with oropharynx and hypopharynx tumors had a more pronounced response to delayed T S-RT . In contrast, some studies have shown that the association between shorter treatment time and locoregional control and survival can depend on the presence of high-risk features, although the strength of the relationship is not well established. 40, 41 Hypothetically those with larger or more aggressive tumors might have a greater chance for larger deposits of residual tumor cells after surgery, making local control more challenging after a longer T S-RT delay. However, this relationship warrants further exploration.
Limitations
The benefit of using the NCDB to address the effect of T S-RT was the large patient cohort. However, owing to the observational nature of the study there may be unmeasured confounders associated with delayed radiation and worse outcomes. One example would be patients with serious postoperative complications, and although we accounted for length of hospital stay and hospital readmissions in the multivariable models, there may be residual confounding. In addition, retrospective studies inherently may have unavoidable selection bias, and registry studies may have problems from errors in registrar coding or reporting. Another limitation was that although radiation dose was accounted for in multivariable models, data were unavailable for specific doses to the surgical cavityornodalregionsaswellasnormaltissuedosimetricparameters. These parameters may account for the benefit seen with treatment at academic centers. The database also lacks recurrence and toxic effects data, so future nonregistry studies are certainly warranted.
Conclusions
To our knowledge, there has never been a randomized trial to test the effect of T S-RT . However, given the preponderance of evidence from retrospective and prospective studies, as well as the plausible biological model that shorter T S-RT results in improved outcomes, we believe it would be unethical to carry out such a trial. This study supports the use of adjuvant radiation therapy and current national guidelines to prevent delays over 50 days. A multitude of factors contribute to delayed radiation, so multidisciplinary teams and patients must be educated about the importance of timing, with all efforts made to avoid unnecessary delays. Measures to intensify therapy including with accelerated fractionation should be considered when delays are unavoidable. 
